This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the apphcant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



J 



® 



EuropSisches Patantamt 
European Patent Office 
Office europ6en des brevets 




@ Publication number: 0 584 929 A1 



EUROPEAN PATENT APPLICATION 



2i) Application number : 93305685.5 
g) Date of filing : 20.07.93 



@lnt.ci.': A61B3/16 



@ Priority : 27.07.92 JP 198887/92 
29.09.92 JP 258747/92 

@ Date of publication of application : 
02.03.94 Bulletin 94/09 

@ Designated Contracting States : 
DE FR GB 

@ Applicant: KOWA COMPANY LTD. 
6-29, Nlshiki 3-chonie 
Naka-ku Nagoya-shI Alehl-ken, 460 (JP) 



@ Inventor : Suzuki, Takayoshi 

do Kowa Co. Ltd., 3-3-1, Chofugaoka 
Chofu-shI, Tokyo 182 (JP) 

@ Representative : Sturt, Clifford R/lark et al 
J. Miller & Co. 34 Bedford Row Holbom 
London WC1R 4JH (GB) 



@ Tonometer. 

@ A tonometer is adapted to measure intraocu- 
lar pressure by applying pressure onto an eye 
(1), being examined via its eyelid (2). The to- 
nometer is provided with a pressure means (3), 
that presses against the eyelid (30) of a subject 
eye (29) to thereby apply pressure to the eye. 
The load applied by the pressure means (3) Is 
detected by a load sensor (4), and used to 
calculate intraocular pressure of the eye. The 
tonometer with this arrangement is structurally 
simple and compact, operationally safe, and 
does not cause the patient to feet fear and 
discomfort. 
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The present invention relates to a tonometer for 
measuring intraocular pressure, and more particular- 
ly to a load-sensing tonometer which measures intra- 
ocular pressure by applying pressure onto an eye be- 
ing examined via its eyelid, and detecting the load be- 
ing applied. 

Description of the Prior Art 

There are contact type and non-contact type con- 
ventional intraocular pressure measurement sys- 
tems. In a contact type system a measuring member 
is pressed directly against the eyeball, and the pres- 
sure required to produce a given degree of deforma- 
tion is used to establish the intraocular pressure. In 
the non-contact type system a stream of air is blown 
onto the surface of the cornea and the corneal defor- 
mation thus produced is measured, usually by an opt- 
ical technique. 

Contact type systems today offer a high degree 
of reliability. However, requiring as they do that part 
of the system apparatus be brought into direct contact 
with the cornea, a problem with contact type systems 
is that unless the operator is skilled in its operation, 
there is a risk that the cornea may be damaged. 

While with the non-contact type system there is 
less risk of damaging the cornea, blowing a stream of 
air onto the cornea causes the patient to feel fear and 
discomfort Thus, while it is called a non-contact 
method, this only means that there is no direct mech- 
anical contact with the cornea. However, inasmuch 
as the measurement procedure invohres subjecting 
the cornea to the direct application offeree, It is no dif- 
ferent from the contact type described above. 

An object of the present invention is therefore to 
provide a tonometer that is simple and economical to 
make, easy to operate safely and does not cause feel- 
ings of fear and discomfort In the person whose eye 
is being examined. 

The present invention provides a tonometer for 
measuring intraocular pressure by applying pressure 
onto of an eye being examined via its eyelid and de- 
tecting a load being applied, characterised by:- 

pressure means for applying pressure to the 

eye; 

drive means for pressing the pressure means 
against the eyelid of a subject eye; 

a load sensor for detecting the load applied to 
the pressure means; and 

calculating means for calculating the intraocu- 
lar pressure of the eye based on the load detected by 
the load sensor when the pressure menas presses on 
the subject eye. 

With this arrangement, the intraocular pressure 
of the subject eye can be established from the rela- 
tionship between detected load and the amount of 
eyeball displacement produced by the pressure 
exerted against the eyelid by the pressure member. 



More specifically, the driving force of the drive 
means pushes the pressure rod against the eyelid 
and the load thus applied to the pressure rod at that 
point Is detected by the load sensor and used as a ba- 

5 sis for the calculating means to establish the intraoc- 
ular pressure. 

By using a tonometer according to the present in- 
vention, the eye can be examined with the eyelid 
closed. This makes it possible to carry out the exam- 

10 ination with absolutely no contact with the cornea of 
the eye that is being examined, unlike the conven- 
tional arrangements. Pressure Is exerted on the eye- 
lid, the apparatus Is easy to operate and there is none 
of the risk of damage to the cornea that is Inherent In 

15 the conventional contact type system. Moreover, this 
Invention also differs from the conventional non-con- 
tact system in that it does not employ a jet of air di- 
rected onto the cornea, and therefore does not inflict 
the type of discomfort and fear aroused by the con- 

20 ventional non-contact procedure. 

In a preferred embodiment, the drive means is a 
resilient member. A tonometer preferably further com- 
prises a cylinder that immobilises the subject eye in 
a longitudinal direction by pressing against the per- 

25 ipheral portion of the eye via the eyelid thereof. In a 
preferred embodiment of the tonometer according to 
the invention, there is provided an eye fixation lamp 
that is used to fix the vision of the other eye to the 
front when intraocular pressure is being measured. 

30 The calculating means may correct an intraocular 
pressure value to eliminate the effect of positional va- 
riation by the subject eye relative to the pressure rod 
occurring during measurement of intraocular pres- 
sure, the body temperature of the patient, the meas- 

35 urement environment and other such factore affecting 
intraocular pressure measurement. 

In a preferred embodiment according to the in- 
vention, the pressure Is exerted by moving the pres- 
sure means at a constant velocity, at which time the 

40 calculating means measures the intraocular pressure 
on the basis of changes over time in the load as de- 
tected by the load sensor. 

Embodiments of the present invention will now be 
described, by way of example, with reference to the 

45 accompanying drawings. In which: 

Figure 1 is a block diagram showing the arrange- 
ment of the tonometer according to the present 
invention; 

Figure 2 is a diagram that illustrates the operating 
50 principle of the tonometer of this invention; 

Figure 3 Is a graph that Qlustrates the operating 
principle of the tonometer of this invention; 
Figure 4 is a graph relating to an example of a 
measurement made with the apparatus shown in 
55 Figure 1, 

Figure 5 is a side cross-sectional view of the ar- 
rangement of a load-sensing tonometer accord- 
ing to another embodiment of the present inven- 
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tion; 

Figure 6 is a schematic diagram showing the 
electrical circuit arrangement used in the tonom- 
eter whereby the intraocular pressure Is obtained 
from the signal output of the load sensor; 
Figure 7 is a drawing illustrating the arrangement 
during the intraocular pressure measurement 
process, as viewed looking down from above the 
patient's head; 

Figure 8 is a flow chart of the signal processing 
circuit operation used to obtain the intraocular 
pressure; 

Figure 9 is a graph showing the relationship be- 
tween the load applied to the pressure rod during 
measurement of intraocular pressure, and time; 
and 

Figure 10 is a graph showing the correlation be- 
tween differential of load with time and intraocu- 
lar pressure, based on the results of experiments. 
Figure 1 shows the arrangement of a tonometer 
according to the present invention. In Figure 1, refer- 
ence numeral 1 denotes an eyeball of an eye being 
examined; in this embodiment the examination is 
conducted with an eyelid 2 closed. To perform the 
measurement, a pressure member 3 is moved at a 
constant velocity to press against the eyelid 2 over 
the eyeball 1, and the changing load is measured by 
a load sensor 4 rigidly affixed to the pressure member 
3. The load sensor 4 is constituted by a prescribed 
type of strain gauge. 

The load sensor 4 is attached, via a support 5, to 
a slide bed 6 that moves to the left (with respect to 
the drawing) to generate the pressing force. The slide 
bed 6 is driven by a motor 7, but the movement of the 
slide bed 6 is controlled by a dosed-loop system that 
moves the tip of the pressure member 3 towards the 
subject eye at a constant velocity. With this dosed- 
loop constant-velocity control system, the torque 
generated by the motor 7 will vary depending on the 
intraocular pressure, so the intraocular pressure can 
be obtained from changes In the load as detected by 
the load sensor 4. 

Figure 2 Illustrates the principle of the present in- 
vention. Pressing a pressure member B against a re- 
silient object A will give rise to relative changes in the 
load on the pressure member B and the degree of 
pressure member depression shown by Figure 3. 
Here, the load is equal to the resilient force acting 
against the pressure, that is, to the intraocular pres- 
sure. Thus, intraocular pressure is defined as the load 
at a gh^en degree of deflection (displacement). 

The output of the load sensor 4 is converted to 
digital form by an A/D converter 8 and input to a gra- 
dient computation circuit 9 such as a personal conv 
puter, for example. The gradient computation circuit 9 
obtains time-based changes (derivative) in load, as 
detected by the load sensor 4. and calculates the gra- 
dient (differential) thereof in terms of intraocular pres- 



sure, as shown by Figure 4. The intraocular pressure 
measurements thus obtained are displayed on a CRT 
or other such display nK)nitor 10. 

In Figure 4 the flattening of the curve from about 

5 zero to 20 ms is caused by the deformation of the 
eyelid 2. This type of change in load happens be- 
cause the eyelid 2 usually has more give than an eye- 
ball with normal intraocular pressure. The eyelid 2 
stops deforming about 20 ms after the commence- 

10 ment of pressure, after which changes in the load are 
a function of the intraocular pressure. This being the 
case, the Intraocular pressure can therefore be meas- 
ured by obtaining the gradient of the straight portion 
of the curve of Figure 4. If there is something wrong 

15 with the eyeball that causes an elevation of the intra- 
ocular pressure, the gradient will be larger, while a 
lower intraocular pressure will produce a smaller gra- 
dient. 

Strictly speaking, the straight-line gradient corre- 
20 spends to t he restoration constant of the eyeball. This 
restoration constant is highly dependent on the inter- 
nal pressure, and the higher the Internal pressure, 
the more the restoration force that is required. If the 
relationship between restoration constant and intra- 
25 ocular pressure is measured beforehand, the gra- 
dient computation circuit 9 can obtain the gradient of 
the straight-line portion of Figure 4 as a restoration 
constant, thereby making it possible to obtain a meas- 
urement that is doser to the actual intraocular pres- 
30 sure. 

In accordance with this embodiment, as the eye 
can be examined with the eyelid closed it Is possible 
to carry out the examination with absolutely no con- 
tact with the cornea of the eye that is being exam- 

35 ined, unlike the conventional arrangements. With 
pressure being exerted via the eyelid 2, the appara- 
tus is easy to operate with none of the risk of damage 
to the cornea that is inherent in the conventional con- 
tact type system. This invention also differs from the 

40 conventional non-contact system in that it does not 
employ a jet of air directed onto the cornea, and 
therefore does not inflict the type of discomfort and 
fear aroused by the conventional non-contact proce- 
dure. 

45 Furthermore, because t he pressure member 3 is 
moved at a constant velocity, there Is no need to use 
a displacement gauge, as the time values themselves 
can be regarded in that form as displacement values, 
it being sufficient to obtain differential of load with 

50 time. As such, this makes the apparatus simpler and 
cheaper to make. 

The configuration described above relates to the 
basic implementation of the operating principle and if 
necessary may be modified in various ways. For ex- 

55 ample, to protect against malfunction in the servo 
system of the motor 7, a stop may be provided to limit 
the amount by which the pressure member 3 can be 
advanced. In the embodiment described herein, the 
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pressure member 3 is of a shape and material such 
as to preclude the pressure member 3 deforming dur- 
ing the measurement process. However, other mate- 
rials may be used for the pressure member if the nec- 
essary variables are included in the computation cir- 
cuitry. The pressure member may also be made to be 
replaceable, which would be more hygienic. 

Figure 5 shows another embodiment of the in- 
vention. In the tonometer of Figure 5, a load sensor 
21 is mounted on a slide bed 23 that is arranged on 
a surface plate 24 so that during measurement of in- 
traocular pressure it can be slid forwards and back- 
wards (to the left and right, with reference to the 
drawing sheet) along the optical axis of the eye being 
examined. The slide bed 23 is urged forwards by the 
force of a spring 25. Provided at the rear end of the 
surface plate 24 is a trigger 26 that Is arranged so that 
it can pivot about a shaft 26a when operated by a per- 
son examining the eye. The lower edge of the trigger 

26 Is In disengagable engagement with the slide bed 
23. 

The load that is to be detected is applied to a 
shaft 21a that projects from the front of the load sen- 
sor 21 . Affixed to the end of the shaft 21 a is a pres- 
sure rod 22. This pressure rod 22 is for pressing 
against the eyelid 30 so as to thereby indirectly apply 
pressure to the eye 29. Arranged to the firont of the 
surface plate 24 is a cylinder 27 that can be moved 
longitudinally backwards and forwards. The cylinder 

27 is urged forwards by the force of a spring 28 and 
has a diameter that corresponds to the diameter of 
the eye 29. The pressure rod 22 Is located inside the 
cylinder 27, where it Is arranged along the central axis 
of the cylinder 27. 

Figure 6 shows the electrical circuit arrangement 
used to obtain the intraocular pressure of the eye 
from the signals output by the load sensor 21. With 
reference to Figure 6. the output of the load sensor 21 
is subjected to analog-to-digital (A/D) conversion by 
an A/D converter 31. Reference numeral 32 denotes 
a signal processing circuit set, such as a microproces- 
sor or the like, that processes load data signals output 
by the A/D converter 31 and calculates an intraocular 
pressure value, as described below. A memory 33 is 
used for storing load data, and a monitor 34 is used 
to display measured Intraocular pressure values. 

The operation of the tonometer of this embodi- 
ment will now be explained with reference to Figures 
7 to 10. Figure 7 illustrates the arrangement during 
the intraocular pressure measurement process, as 
viewed from above. In Figure 7. reference numeral 35 
denotes the other patient's other eye, i.e. the eye not 
undergoing examination, and 36 is the patient's nose. 
Also, in the tonometer according to this embodiment 
an eye fixation lamp 37 is provided to the rear of the 
load sensor 21 . Prior to the execution of the measure- 
ment, the slide bed 23 is in the position shown in Fig- 
ure 5. engaged by the trigger 26. 



As shown in Figure 7. during the measurement 
process the patient is asked to keep eye 29 dosed 
and the other eye 35 open. The cylinder 27 is brought 
into contact with the eyelid of eye 29 and arranged so 

5 that It is urged against the peripheral portion of the 
eyeball at a constant force provided by the spring 28, 
thereby immobilizing the eyeball in the longitudinal 
direction. The eye fixation lamp 37 is then switched 
on to fix the vision of the other eye 35. That is. with 

10 the vision of eye 35 fixed to the front, the position of 
the cornea 35a of eye 35 is immobilized to the front 
As the movement of both eyes is associated, this 
means that the position of the cornea 29a of eye 29 
is also fixed towards the front, the direction along 

IS which the other eye 35 is fixed towards the eye fixa- 
tion lamp 37, directiy facing the pressure rod 22. 
When the trigger 26 Is now pulled by the operator, the 
trigger 26 is disengaged firom the slide bed 23 and the 
slide bed 23 is moved forward by the force of the 

20 spring 25, whereby the pressure rod 22 presses 
against the eyelid, thereby exerting pressure on the 
eyeball of eye 29 under a load that is detected by the 
load sensor 21. 

The signals output by the load sensor 21 are sub- 

25 jected to A/D conversion by the A/D converter 31 and 
are then input to the signal processing circuit 32 and 
written into the memory 33 as load data. This load 
data is then read out of memory 33 by the signal proc- 
essing circuit 32, and, as shown in the flow chart of 

30 Figure 8, the change In load relative to time (differen- 
tial of load with time DL) is obtained (step S1). and the 
correlation between differential of load with time and 
intraocular pressure is used to convert the differential 
of load with time DL to intraocular pressure value 

35 (step S2). Thus, while usually the hardness of the 
eyeball is measured from the relationship between 
load and the amount by which the pressure rod 22 is 
pressed in, in this invention the fact that the pressure 
rod 22 Is moving Is used to measure the hardness of 

40 the eyeball based on changes in the load relative to 
time. Figure 9 shows this relationship between load 
and time. As the intraocular pressure is determined 
by the apparent hardness of the eyeball, the intraoc- 
ular pressure can be calculated from the time-based 

45 rate of change in the load. That is, based on the re- 
sults of comparative experiments using loading tono- 
metry, as shown by Figure 10, there is a directiy pro- 
portional correlation between differential of load with 
time and intraocular pressure, and this correlation 

so can be used to convert load change/time to intraocu- 
lar pressure. 

The Intraocular pressure value thus obtained by 
the signal processing circuit 32 Is then displayed on 
the monitor 34 (step S3). 

55 The intraocular pressure value may be compen- 

sated by the signal processing circuit 32 to compen- 
sate for the effect of positional variation by the eye 29 
relative to the pressure rod 22 occurring during the in- 
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traocular pressure measurement, the t)ody tempera- 
ture of the patient, the measurement environment 
and other such Actors that can affect intraocular 
pressure measurements. 

In the above-mentioned emt>odiment, using a 
spring to move the slide bed 23. and thereby the load 
sensor 21, greatly simplifies the structure and en- 
ables the overall size of the tonometer to be reduced. 
Also, using the cylinder 27 to fix the longitudinal pos- 
ition of the eyeball of the eye 29 prior to the applica- 
tion of pressure by the pressure rod 22 makes it pos- 
sible to eliminate from the load amount detected by 
the load sensor 11 , the component produced by over- 
all eyeball motion, thereby Increasing measurement 
accuracy. Using the eye fixation lamp 37 to f be the vi- 
sion of the other eye 35 to thereby ensure that the 
cornea 29a of the eye 29 being examined faces to the 
front, although the eye is closed, also helps to im- 
prove the measurement accuracy. 

It is of course clear that the pressure rod 22 can 
be moved at a constant velocity by employing a mech- 
anism as used in the embodiment in Figure 1 and the 
detected load can be processed by the gradient cal- 
culation circuit 9 to determine the intraocular pres- 
sure of the eye. 



Is being measured. 

5. A tonometer as daimed in any preceding claim, 
characterised in that the calculating means (32) 

5 corrects an intraocular pressure value to com- 

pensate for the effect of positional variation by 
the subject eye relative to the pressure rod occur- 
ring during measurement of intraocular pressure, 
the body temperature of the patient, the meas- 

10 urement environment and other such factors af- 
fecting intraocular pressure measurement 

6. A tonometer as claimed in any preceding claim, 
characterised in that the pressure is exerted by 

IS moving the pressure means (3) at a constant ve- 
locity, and the calculating means (9) measures 
the intraocular pressure on the basis of changes 
overtime in the load as detected by the load sen- 
sor (4). 

20 



25 



Claims 

1. A tonometer for measuring intraocular pressure 30 
by applying pressure onto of an eye being exam- 
ined via its eyelid and detecting a load being ap- 
plied, characterised by:- 

pressure means (3, 22) for applying pres- 
sure to the eye; 35 

drive means (7. 25) for pressing the pres- 
sure means against the eyelid (2, 30) of a subject 
eye; 

a load sensor (4, 21) for detecting the load 
applied to the pressure means; and 40 

calculating means (9, 32) for calculating 
the intraocular pressure of the eye based on the 
load detected by the load sensor when the pres- 
sure means presses on the subject eye. 

4S 

2. A tonometer as claimed in daim 1 , characterised 
In that the drive means is a resilient member (25). 

3. A tonometer as claimed in claim 1 or 2, character- 
ised in that there is further provided a cylinder so 
(27) for immobilising the subject eye in a longitu- 
dinal direction by pressing against the peripheral 
portion of the eye via the eyelid thereof. 

4. A tonometer as claimed In any of claims 1 to 3. 55 
characterised in that there is further provided an 

eye f bcation lamp (37) for f being the vision of the 
other eye to the front when Intraocular pressure 
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